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    本文首先采用魟鱼肝铁蛋白（DALF）作为研究材料，采用透射电子显微镜
（TEM）、圆二色性（CD）光谱和荧光光谱探讨了在弱酸（pH）条件下，脱铁
核魟鱼肝铁蛋白（apoDALF）亚基解聚与重组的过程和规律，并确定了亚基解
离 佳的 pH 条件和解离时间，即 pH 1.5 和 20 min；后在这一条件下构建了纳米
顺铂核-魟鱼肝铁蛋白（nanometer CDDP core-DALF，NCC-DALF），并研究了其
基本的理化性质，发现 NCC-DALF 的紫外光谱、CD 光谱和电镜形态均与 
apoDALF 极为相似；采用电感耦合等离子体质谱（ICP-MS）技术分析发现，每
分子 NCC-DALF 可储存 18±3 个顺铂分子。为了减小后续细胞实验的误差，又
采用与之前相同的方法构建了纳米顺铂核小鼠肝铁蛋白（nanometer CDDP 
core-MLF，NCC-MLF），并发现每个 NCC-MLF 可储存 40±4 个顺铂分子，并
进一步研究了脱铁核铁蛋白纳米包装 CDDP 的个数和铁蛋白所含 L 亚基比例的
关系。激光共聚焦显微镜法被用于监测 apoMLF 与 Hela 细胞的靶向结合情况，
实验结果显示 apoMLF 可以高效率地和 Hela 细胞表面结合。CCK-8 法和流式细
胞术被应用于进一步检测 NCC-MLF 和 CDDP 对 Hela 细胞凋亡的影响，以探
讨这两种不同的给药途径诱导 Hela 细胞凋亡的差异性及造成差异的原因。















NCC-MLF 对  Hela 细胞的毒性要低于游离的  CDDP，分析原因可能是
NCC-MLF 具有缓释 CDDP 的功能：在相同且较短的作用时间内，NCC-MLF 释
放的 CDDP 数量较少；而随着作用时间延长，NCC-MLF 不断地释放已包装的 
CDDP，对 Hela 细胞增殖的抑制率逐渐升高，并 终达到和游离 CDDP 组相似
的凋亡率。流式细胞术的实验结论也反映出了类似的结果，这进一步说明包装在
NCC-MLF 中的 CDDP 存在一个缓慢释放的过程，随着诱导时间的不断延长，
其诱导细胞凋亡的能力才逐步发挥出来。通过实验大致归纳出 NCC-MLF 诱导肿
瘤细胞凋亡的过程，即（1）NCC-MLF 直接和 Hela 细胞表面的铁蛋白受体结合；
（2）Hela 细胞通过胞饮方式转运 NCC-MLF 入细胞内；（3）NCC-MLF 部分亚
基在胞内水解，释放出 CDDP；（4）释放于细胞内的 CDDP 诱导 Hela 细胞凋亡。 
随后，选用蛋白质组学及相关分析技术筛选出了 NCC-MLF 和 CDDP 诱导 
Hela 细胞凋亡过程中的 25 个差异表达的蛋白，并采用肽质量指纹（PMF）图




核蛋白异构体 C1/C2 和翻译起始因子为代表的 21 个蛋白，在 NCC-MLF 组和
CDDP 组中表达趋势一致。肿瘤细胞表达的多数差异蛋白趋势相同，少量蛋白存
在差异，说明 NCC-MLF 和 CDDP 诱导 Hela 细胞凋亡的途径与主要机制很可
能是相同的，但同时可溶性耐药相关钙结合蛋白（sorcin）表达的差异也显示出






















Cancer is one of the major diseases which seriously threat human health. 
Chemotherapy is most widely used due to its potential of treating with systemic 
cancers and recurrent cancers, as well as it’s relatively high cure rate. However, few 
traditional drugs for chemotherapy can selectively kill cancer cells, which means a lot 
of normal cells will be killed during chemotherapy. Furthermore, chemotherapy drugs, 
effect of which depends on drug toxicity, dosage, time and route of administration, 
often bring unbearable pains to patients because of their high cytotoxicity and 
potentials of induce surviving cells with drug resistance. Over the past decade, 
chemotherapies based on targeted drug delivery systemes have been one of the 
focused stems of cancer therapy. Ferritin has a large cavity with the diameter of 
8-10nm, witch can package a number of small molecule drugs. And it is becoming 
one of the hottest Nano-drug carriers because of its nano size, perfect  
biocompatibility and the activity to target tumer cells. 
    In this research, liver ferritin of Dasyatis akajei (DALF) was used as the 
experimental material. Transmission electron microscopy (TEM), circular dichroism 
(CD) spectrometry and fluorescence spectrometry was used to explore the weak acid 
pH influencing the disassociation and recombination of the subunits of apoDALF, 
firstly. And it was determined that the pH condition is 1.5 and the best treated time is 
20 minute. Under the above condition nanometer CDDP core-DALF (NCC-DALF) 
was constructed, whose common characteristics have been investigated. Its 
UV-spectrometry, CD spectrometry and morphology under TEM is similar to 
apoDALF. The ICP-MS was used to investigate the number of CDDP which 
encapsuled in ferriitin, and it was calculated that one apoDALF can encapsule 18±3 
CDDP. And then nanometer CDDP core-MLF(NCC-MLF) was constructed with the 
same method to decrease the experiment error. It was found that one apoMLF can 
encapsule 40±4 CDDP, Which indicated that the number of CDDP encapsuled by 















was used to monitor the situation of apoMLF targeting to Hela cells, and the 
experimental results showed that apoMLF could combine Hela cells efficiently. 
CCK-8 colorimetry, flow cytometry and proteomic techniques were applied to detect 
the influence of NCC-MLF and CDDP on Hela cell apoptosis in order to investigate 
the possible different pathway of inducing apoptosis by these two different 
administration. The results of CCK-8 indicated that the cytotoxicity of NCC-MLF is 
weaker than free CDDP under the same CDDP concentration and during a short time 
as 24 h. It is mainly because the release of CDDP encapsulated in NCC-MLF is 
slow-release. The quantity of active CDDP release by NCC-MLF is lesser than free 
CDDP. However, The NCC-MLF could constantly release CDDP and then the 
inhibition rate increased to the same level with the CDDP. The results of flow 
cytometry are similar to CCK-8, the apoptosis rate of Hela cells increase significantly 
with time treated by NCC-MLF. It is also indicated that the process of CDDP release 
in NCC-MLF is slow-release. Four steps of tumor cell apoptosis induced by 
NCC-MLF was roughly summarized. (1) NCC-MLF binded to Hela cells directly; (2) 
NCC-MLF were transported into Hela cells by the way of pinocytosis; (3) A part of 
NCC-MLF subunits were hydrolyzed and CDDP was released in the cells; (4) CDDP 
released induced the apoptosis of Hela cells.    
    Twenty-five differentially proteins expressed by Hela cells treated by NCC-MLF 
and CDDP were detected by the two dimensional electrophoresis (2-D), and 
indentified by PMF (peptide mass fingerprint). Finally, Real-time PCR and western 
blotting were used to inspect and confirm the differentially expressed proteins 
revealed by Proteomics research, which demonstrated that the results of proteomics 
had a high credibility. These proteins can be classified in 6 groups including 
regulation of apoptosis, RNA transcription, protein synthesis, signal transduction, cell 
metabolism and cytoskeleton changes. 21 proteins represented by tumor protein D52, 
TPD25 and EIF expressed consistent. These results may inspire that the main 
mechanism of inducing apoptosis between these two administrations is similar but at 
the same time  minor different mechanisms exist. Sorcin showed differences in the 















group had certain advantages in the drug resistance of tumor cells compared to CDDP 
group .  
    This research reveals the approach and mechanism for tumor calls apoptosis 
induced by nometer CDDP core-ferritin (NCC-F), which will contribute to the further 
research of NCC-F applications in vivo. This research has important scientific 
significance and potential application value.  
 
Key words: liver ferritin of Dasyatis akajei (DALF); liver ferritin of mouse (MLF); 
nanometer CDDP core-DALF (NCC-DALF); nanometer CDDP core-MLF 
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